Abstract-The binary Genetic Algorithm (GA) optimization method is used to simulate antennas from their near-field distribution by a set of infinitesimal dipoles. The infinitesimal dipoles could be of electric and/or magnetic types that produce the near field of the actual antenna and thus the same far field. The method is verified using near fields from known infinitesimal electric and/or magnetic dipoles. Some simple antennas have been simulated by infinitesimal dipoles such as dipole, loop, waveguide, and dielectric resonator antenna. The obtained equivalent dipoles from single frequency measurements are found to be valid for certain frequency band.
INTRODUCTION
Measurements of near or far fields from antennas are very expensive and mostly are performed on isolated environments without the effect of the surrounding structures. Study of the actual antennas interaction with the actual structures is, computationally and experimentally, tedious. Also, knowing the far radiated fields, in some plane cuts, of the isolated antenna is not enough for interaction analysis. The simplest radiating element is the infinitesimal dipole that can easily be implemented in any electromagnetic code. An antenna can be simulated by a set of infinitesimal dipoles. Using this set of dipoles replacing the actual antenna can easily be used to compute the radiation from the actual antenna with the presence of the structure because the near and far field in any direction can easily be obtained and used to study the interaction. Also, an unknown radiating antenna can be simulated by a set of dipoles from its known near field distribution and consequently predict its far field radiation patterns in any plane cut. This problem of source identification and then far field prediction from near field measurements has received a lot of attention and a number of different approaches have been studied.
In [1] [2] [3] [4] far field is deduced from near-field measurements performed over an arbitrary shaped surface. From measured fields, using the equivalence principle, an equivalent current over the measurement surface is found. Then the far field is computed from these current values. In [5] the far field is determined from the near field using an expression derived from the second Green's identity. In [6, 7] a different approach was adopted. The far field information is computed from near field amplitude only data using phase retrieval algorithms. In [8] , a method aimed at the characterization of areas of brain activity is described using another approach. The method is based on the substitution of those areas by dipole sources, which generate the same potential as that measured by an electroencephalograph. The position, magnitude and orientation of the dipoles are found by using Genetic Algorithm. Then later on a similar but modified method for both source identification and far-field radiation prediction from near-field semi anechoic measurements was presented in [10] . The viability of this method, focusing on far-field prediction was first discussed in [9] . The use of the method in [9] was further enhanced with more results in [10] . In [10] more complex DUT were simulated and results from actual measurements were also presented. The method was based on the prediction of an equivalent set of elemental dipoles both magnetic and electric using an optimization routine (Genetic Algorithm), which produces the same near field as the given measured values, thus modeling the DUT. Once the equivalent set of dipoles has been found, the far field can be easily computed analytically from radiation formulas of the elemental dipoles. In [10] electric field amplitude from semi-anechoic measurements were used.
In this paper the basic approach that has been adopted and used is very similar to the one that was presented in [10] . However a number of modifications and changes were made in the implementation of the method depending upon the different problem in hand. In the prediction of equivalent radiating sources we have used infinitesimal dipoles, and for the sampling points we are considering both the amplitude and the phase of the fields. It is expected that better prediction for the equivalent sources could be obtained. Also the near field data is obtained computationally from analytical solutions and commercial simulation software. Therefore, the near fields are not limited to certain surface. The near field surface can be chosen based on the availability of near field computations of certain software. This is an advantage, since we can use whatever information is available from the near field measurements around the actual source. The solution obtained using this method is then checked for its quality over a range of frequencies and was found to have good bandwidth depending upon the behavior of the actual source with frequency.
METHODOLOGY
The problem being discussed above has been implemented in the following strategy:
1. The near field values of the device under test (DUT) are obtained at fixed number of observation points. These are close enough to the source. 2. In order to simulate equivalent dipoles for the given DUT the code is run with random initial values for the characteristics of the dipoles 3. Genetic Algorithm is implemented in the code and the values of dipoles are achieved from optimization using the field measurements at the observation points. 4. If the number of observation points is representative enough, then the right values of equivalents sources can be calculated, which would have the same radiation patterns as the original source. 5. From these values near fields and far field radiation patterns can be obtained.
IMPLEMENTATION
An infinitesimal dipole d i can be characterized by a small number of parameters and therefore makes it suitable for implementation in a code. An infinitesimal dipole i can be described by the following parameters:
• TYPE -There can be two types of dipoles electric or magnetic (type i ) • MOMENT -To completely describe a dipole in Cartesian coordinates, the dipole moments in x, y, z direction are the complex quantities, Mx i , My i , and Mz i , respectively.
• POSITION -Three quantities x i , y i , and z i , for the dipole position in the Cartesian coordinates.
Therefore, a dipole can be characterized using seven variables
Notice that the dipole moment in each direction is described by two real values. An integer number 0 or 1 for electric or magnetic type denotes the dipole type, respectively. Therefore, the number of variable describing each dipole is ten and are given in the set d i as
So a set of N radiating dipoles can be represented by 10N components vector
The vector C is one possible solutions and forms the chromosome. A whole set of different C together forms the entire population for the Genetic Algorithm. Each of the above real variables are binary coded over certain range of interest. For example the dipole positions are chosen to be within the near field box. The real variable is coded in a binary code as
where b is 0 or 1 and Nb is the number of bits in the string. The actual variable can be decoded as;
b/2 (i−1) with x min and x max are the minimum and maximum range for the variable x. the variable range and the number of bits are chosen for specific range and resolutions. After optimization for a particular C with the best fitness, it should be the global minima or maxima as desired. The field radiated by the set of infinitesimal dipoles at a point r m is a function that depends on all the 10N components of the vector C.
In Equations (4) and (5) E and H are the total fields at r m and E i and H i are the fields at r m due to particular dipole i. Therefore, any value like the amplitude or phase or just electric field or magnetic field that is measured at r m will be suitable to recover the vector C that characterizes the dipoles. The larger the number of dipoles, the number of optimization parameters increases, the more challenging and computationally demanding to obtain solution because the requirement of a larger search space increases in order to find the global solution to the problem. As with any optimization routine the objective function called the fitness function for GA is very important for its good performance. The values that are being predicted through optimization are the different field components. The fitness function was chosen, to take into account all the components of the fields to avoid the needs of the tangential components only, which varies as the coordinate system or the scanning surface changes. In case of actual measurements of the near field which will be only for the tangential fields on the scanned near field surface, only the near field components will be used. The fitness function is taken as
where M is the total number of observation points over the near field scanned surface, Ea i are the actual field components of the radiating source. The rms error of the electric field is computed as a measure of the fitness as 
RESULTS
The code is verified by reconstructing a set of infinitesimal dipoles that were chosen arbitrarily in terms of type, position and orientations. Three dipoles were chosen with moments and position in such a manner that they represent a loop of current. The actual values of these parameters and the reconstructed dipoles are given in Table 1 . In this case a population size of 1000 is considered with single point crossover with probability of 85% and mutation probability of 0.3%. The error was found to be 3.3%.
The comparisons between the near-fields and far-fields for these dipoles can be seen in Figures 1 to 4 . All of these cases show good agreement with each other.
Another case of six dipoles is considered. In this case a population size of 2400 is considered with single point crossover with probability of 85% and mutation probability of 0.8%. The error was found to be 11.5%. The actual values of these parameters and the ones that have been obtained from the program can be seen in Table 2 .
The comparisons between the near-fields and far-fields for these dipoles can be seen in Figures 5 to 8 . All of these cases show good agreement with each other.
Actual antennas are also modeled such as half wavelength dipole, square wire loop, open-end circular waveguide, and a dielectric disc antenna. The near-fields are obtained from the method of moments code WIP-D [11] . 
Wire Dipole Antenna
A half wavelength dipole antenna oriented along the z-axis is considered. The wire radius is very small compared to its length. The antenna is center fed by a source with frequency of 300 MHz. The sampling points of the near field were on a cube enclosing the dipole. The side of the box was of the order of 0.8λ. The size of the box is an important parameter to be chosen. It should not be very close to the antenna or very far to avoid the rapid variations of the field or to lose some information in the far field, respectively. A box of side length of 0.8λ was found to be optimum for the dipole antenna after doing a number of simulations for different values. Table 3 shows the equivalent dipoles obtained to simulate this antennas. The rms error is found to be about 2.35%. It was expected that all the dipoles be z-directed and spanning over a longer distance, the results show that the dipoles have not been symmetrically arranged. It seems that the unexpected dipole moments and orientations have compensated to certain degree such a need for the symmetry. Results from the above set of dipoles are shown in Fig. 9 for the near fields at contour line through the yz-plane indicating good agreement between the actual field and the simulated fields. For better understanding, Fig. 10 shows the plane cut with the comer coordinates marked. The corners are also marked with a node numbers corresponding to the observation points corresponding to the electric field plots.
The frequency response of the equivalent dipoles is compared with frequency response of the actual dipole as shown in Fig. 11 at the frequencies 200 and 400 MHz, respectively. The validity of the frequency band will depend on the frequency band of the excited mode at the tested frequency. For example, as far as the current distribution on the dipole does not change its behavior with the frequency, the equivalent dipole could be valid, but if the current distribution changes as the case when the frequency increases to that makes the dipole close or larger than one wavelength, the frequency response will be out of the frequency range of the measured mode. The rms errors for 200 MHz and 400 MHz were found to be 2.1% and 2.8% respectively. Table 4 . Equivalent set of dipoles simulating the square loop wire antenna.
Square Loop Wire Antenna
A square loop antenna of a 0.05λ side length is considered. The antenna is on the XY plane with its center at the origin. Thickness of wire is much smaller than the side length of the wire. The antenna is fed at the center of one side by a source excited at 300 MHz. The numerical results are obtained using WIP-D. The near field is scanned on a cube surrounding the loop of side length of 0.8λ. Four equivalent dipoles are used to simulate the loop antenna. The parameters of the equivalent dipoles are given in Table 2 . The rms error is computed and found to be 4.63%. Again, we can observe that the dipole moments and positions do not follow what would be expected for these dipoles. Fig. 12 shows the comparisons of the three components of the electric field in the near field on a closed contour on the yz-plane. The near field is plotted on the same plane cut as shown in Fig. 10 . These figures show very good agreement between the actual filed and the field The equivalent set of dipoles was tested for there quality over a range of frequencies. Results have been presented in Fig. 13 showing the different components of the electric field along an outline of the cube surrounding the antenna for two frequencies. RMS errors were found to be 5.1% and 4.87% for the frequencies 250 MHz and 350 MHz, respectively. Good agreement of near field shows that the equivalent dipoles have a valid operating bandwidth of 33%.
Radiating Circular Waveguide
A circular waveguide of finite length is considered. The waveguide is short circuited from one end and opened from the other end and is excited by a dipole located inside on the waveguide axis and oriented in the y-direction to excite the TE 11 mode. The dipole position and orientation will not excite the zero order modes. Cutoff frequency for TE 11 mode was found to be 7.3 GHz and TM 11 mode was 15.25 GHz. Bandwidth for TE 11 mode was found to be 1.6588:1. Detailed dimensions of the waveguide can be seen in Fig. 14 . The antenna is operated at 10 GHz. This antenna is simulated by five dipoles. The near field box was taken as a cube surrounding the antenna and the bottom side was ignored. The parameters of the equivalent sets of dipoles are given in Table 5 . This set of dipoles has a 7.1% rms error.
The near field on the intersection line between the near field box and the yz-plane is given in Fig. 15 . The coordinates of this outline are shown in Fig. 16 . The x-component that represents the cross polarization is ignored because it is very weak and found to be in the order of 10 −9 as compared to the other field components.
The frequency response of the equivalent dipoles is also considered. The near-field results at 9 GHz and 12.5 GHz are given in Fig. 17 . RMS errors for these frequencies were 7.4% and 7.9% respectively. Table 7 . Five equivalent dipoles for dielectric resonator antenna without ground plane.
Dielectric Resonator Antenna with Ground Plane (DRA)
A dielectric resonator antenna disc is considered. The disc is located on an infinite ground plane and excited by a coaxial probe normal; to the ground plane and housed inside the dielectric disc off its axis. Detailed dimensions of the antenna are given in Fig. 18 ; the dielectric constant of the disc is 10.2. Five equivalent dipoles are considered to simulate the antenna. The RMS error is found to be 7.52%. The parameters of the equivalent dipoles are given in Table 6 .
The near field of the actual antenna and that of the equivalent dipoles are computed on the plane z = λ. A total of 400 observation points are computed on a square area as shown in Fig. 19 . This case was modeled at a frequency of 10 GHz The similarity between the near field from the actual antenna and the equivalent set of dipoles is clear.
The frequency response is also computed and found that the equivalent set of dipoles provides a 30% valid bandwidth. The coordinates of the line cut on the xz-plane are shown in Fig. 20 . The near electric field on the cut is shown in Fig. 21 for 8.5 and 11.5 GHz, respectively. The RMS errors at these frequencies are 7.63% and 8.2% respectively. Fig. 22. Fig. 22a shows the far field in the E-plane and it shows very good agreement with the actual case. It can be seen that in Fig. 22b , the H-plane is zero on the infinite ground plane, but the equivalent dipoles did not achieve that. The actual antenna considers the presence of the infinite ground plane, but the dipoles uses the free space Green's function. Therefore, it couldn't achieve this behavior for the far filed in this direction.
DIELECTRIC RESONATOR ANTENNA WITHOUT GROUND PLANE
The dielectric resonator antenna modeled in this case is same as the one presented in previous section, but image theory is used to remove the infinite ground plane. The near field sampling points in this case were taken on a cube, which enclosed the entire antenna. The purpose of modeling this case is to see if the presence of ground plane in the previous case made an effect on the quality of the far field results. Detailed dimensions of the antenna are given in Fig. 23 ; the dielectric constant of the disc is 10.2. Five equivalent dipoles are considered to simulate the antenna. The RMS error is found to be 7.15%. The parameters of the equivalent dipoles are given in Table 7 .
The near field of the actual antenna and that of the equivalent dipoles are computed on the plane z = λ. A total of 400 observation points are computed on a square area as shown in Fig. 24 . This case was modeled at a frequency of 10 GHz The similarity between the near field from the actual antenna and the equivalent set of dipoles is clear.
The frequency response is also computed and found that the equivalent set of dipoles provides a 35% valid bandwidth. The near electric field in a cut of the near-field box is plotted as shown in Fig. 25 for 7.5 and 11 GHz, respectively. The RMS errors for at these frequencies are 7.23% and 8.1% respectively. The details of the cut can be seen in Fig. 20 .
Far Field Comparison:
Far Fields computed for the DRA are shown in Fig. 26. Fig. 26a shows the far field in E-plane, it shows very good agreement with the actual case. In Fig. 26b the far field comparisons for H-plane are shown. It is clearly observed that in this case the Hplane fields agree much better than previous case, thus validating our explanation given in the case of DRA above infinite ground plane.
CONCLUSION
An interesting and effective method for the prediction of both near and far field was presented, which was tested with different antenna types. This method is based on the substitution of the original radiating source by a set of infinitesimal dipoles, which produce the same near field as the original source. Infinitesimal dipoles are a good choice for this application because they are the simplest form of radiators with simple mathematical expressions for both near and far fields. The characteristics of these dipoles are evaluated using the Genetic Algorithm as the optimization method. The GA optimizes the parameters of the equivalent dipoles to obtain near fields from them as close to the original antenna as possible. This method was found to be very suitable since it's a global optimization method, which doesn't require initial solution. Using this method solution for antennas were obtained at a particular frequency. These dipoles were found to have similar behavior to the actual antenna with in certain frequency band. Results for near field comparisons on a plane and also far field comparisons have been presented for the DRA. 
